A B S T R A C T The process of removal of triglyceride from the plasma may involve a sequential conversion of larger to smaller glyceride-rich lipoproteins. This has been studied within the species of lipoproteins comprising the very low density lipoproteins (VLDL) which transport the bulk of endogenously formed triglyceride.
A B S T R A C T The process of removal of triglyceride from the plasma may involve a sequential conversion of larger to smaller glyceride-rich lipoproteins. This has been studied within the species of lipoproteins comprising the very low density lipoproteins (VLDL) which transport the bulk of endogenously formed triglyceride.
Palmitic acid-'4C which was used to label the plasma glycerides was administered either as a prolonged constant infusion or as a pulse label. The specific activitytime curves of triglyceride fatty acids (TGFA) were analyzed both in total VLDL and in two subfractions of VLDL. The nature of the curves for total VLDL that were observed during the constant infusions were consistent with slow isotopic equilibration of precursors of VLDL-TGFA or with the presence of a precursor-product relationship between different components of VLDL-TGFA. The curves did not indicate any detectable differences in (fractional) turnover rates of independently metabolized pools of VLDL-TGFA. Differences in the specific activity-time curves of TGFA in two subfractions of VLDL (Sf > 100 and Sf 20-100) were consistent with a precursor-product relationship between TGFA in the two subfractions; again there was no indication of significant differences in (fractional) turnover rates. The specific activity-time curves of TGFA in the two subfractions of VLDL that were obtained with single injections of radio-palmitate showed a consistent difference in the rates at which TGFA became labeled in the two subfractions, being slower in the Sf 20-100 fraction. The findings from all experiments when considered together, were compatible with a precursor-product relationship that suggested that larger VLDL were converted to progressively smaller species as triglyceride was being removed.
INTRODUCTION
Triglyceride that is newly synthesized in the liver is secreted into the plasma predominantly in the very low density lipoproteins (VLDL)' (1) . The VLDL comprise a wide morphological spectrum with the lipid to protein ratio increasing with size (2-4). It is not clear whether all the triglyceride transported in VLDL represents a kinetically homogeneous compartment. A recent report from our laboratory showed consistent differences in the specific activity of triglyceride fatty acid (TGFA) transported in VLDL of different sizes during a constant infusion of palmitic acid-14C (5). We suggested that larger VLDL might be degraded to smaller one during the process of triglyceride removal, although differences in the (fractional) turnover rates 2 of TGFA in the various subclasses of VLDL could not be excluded.
In the present studies, the specific activity of TGFA in total VLDL and in two subfractions of VLDL has been measured during prolonged constant infusions and after single injections of palmitic acid-14C. We have attempted to determine whether the observed differences between the subfractions are the result of differing (fractional) turnover 
Analytical procedures
The VLDL were separated from portions of plasma by preparative ultracentrifugation (8) . In seven studies, two subclasses of VLDL (Sf > 100 and Sf 20-100) were isolated from 3 ml portions of plasma by the method described by Gustafson, Alaupovic, and Tierman (4) . No further attempt was made to purify these subclasses by repeated ultracentrifugation since the aim was simply to obtain two fractions of VLDL containing predominantly larger or smaller lipoproteins.
The total VLDL and the subclasses were extracted in the solution described by Dole (9) . Portions of the lipid extract were assayed for triglyceride content (10) and radioactivity. The latter was determined with an efficiency of 80% in a liquid scintillation system using 0.3% PPO in toluene as scintillator. Separation of the VLDL lipids by thin-layer silicic acid chromatography (hexane-ethermethanol-acetic acid, 180: 40: 6: 4, solvent) had shown that > 96% of the radioactivity was in the triglyceride fraction. There was less than 7%o variation in triglyceride concentration during any experiment.
Free fatty acid (FFA) specific radioactivity was measured in whole plasma that had been extracted in Dole's solution (9) . Acidic and neutral lipids were separated according to Borgstrom (11) (1) where k is the (fractional) turnover rate of VLDL-TGFA and STG denotes the VLDL-TGFA specific activity. Converting equation 1 to logarithms, -log(1 --) = kt (2) so that the plot of -log(1 -[STG/C]) against time will be linear with a gradient equal to k (Fig. la) . If TGFA in VLDL exist as independently metabolized pools possessing differing (fractional) turnover rates, the plot will not be linear, but rather will possess a gradient decreasing with time; as faster pools reach isotopic equilibrium the curve will reflect the (fractional) turnover rates of the slower pools (Fig. lb) . If isotopic equilibration of the immediate precursor of VLDL-TGFA is not instantaneous, STG and hence the value of -log(1 -[STG/C]) at any given time will be lower than that computed from equation 1. However, as the specific activity of the immediate precursor approaches C, the gradient of the curve plotted by -log(1 -[STG/C]) against time will increase towards that of the theoretical curve until it achieves linearity with a gradient of k (Fig. lc) (Fig. lc) . predominates: i.e. it could show an increasing gradient, a decreasing gradient or could even be linear. Any comparison between experimental curves and those shown in Fig. 1 Table I . There was a wide variation in the time required for complete isotopic equilibration of VLDL-TGFA (5-11 hr), being generally shorter when the TGFA pools were small. There was, however, a marked similarity in the pattern of the VLDL-TGFA specific activity (STG)-time curves in all studies. The curves are dominated by a long linear segment followed by an abrupt flattening to a constant level (Figs. 2 and 3 slow isotopic equilibration of precursors of VLDL-TGFA or with the presence in the plasma of a pre- Time$  cpm/mg  60  93  57  48  29  90  169  118  83  71  120  221  185  161  122  244  185  150  264  235  210  203  344  256  180  307  279  265  243  385  358  210  365  336  350  310  453  456  240  411  393  378  353  489  453  270  402  433  425  388  622  580  300  440  426  465  425  656  610  330  432   462  432  454  717  639  360  438  448  485  460  782  769  390  476  480  808  709  420  821  792  450  855  754  480  781  829  510  846  821  540 805 857 * Triglyceride concentrations are expressed as mg/100 ml. TGFA specific activities were also measured in two VLDL subfractions during constant infusions of palmitic acid-1-"4C in subjects 9-11 (Table III) . The specific activity of TGFA in the Sf > 100 fraction was higher at each time point than in the Sf 20-100 fraction until equilibration was complete (Fig. 4) . After the first hour of infusion and until shortly before isotopic equilibration was complete, the two curves in all three subjects were approximately parallel. There was therefore no suggestion that the TGFA in the two subfractions had differing (fractional) turnover rates. The results would, however, be consistent with a precursor-product relationship between TGFA in larger and smaller VLDL. Single injection. The TGFA specific activities in two subfractions of VLDL (Sf > 100 and Sf 20-100) were also measured after a single intravenous injection of palmitic acid-1-'4C. One such experiment is shown in Fig. 5 and Table IV difference between the two subfractions in all studies. The TGFA specific activity in Sf > 100 VLDL rose more quickly and reached a higher peak sooner than TGFA in the Sf 20-100 fraction. The specific-activity time curves of the two subfractions crossed in a manner that further suggested a precursor-product relationship. These curves, however, were also consistent with differences in the (fractional) turnover rates of independently metabolized pools of TGFA in VLDL of different sizes. DISCUSSION Constant infusions. Considering the studies with total VLDL first, the results were compatible with slow isotopic equilibration anywhere between plasma FFA and TGFA in the final smallest species of VLDL, assuming that progressive conversion of larger to smaller lipoproteins does occur. There was no evidence for independently metabolized pools of TGFA possessing differing (fractional) turnover rates.
The studies in which two subfractions of VLDL (Sf > 100 and Sf 20-100) were analyzed separately also failed to show that TGFA in VLDL of different sizes are independently metabolized at different (fractional) turnover rates. Rather, the results were consistent with TGFA in the larger VLDL being a precursor of that in the smaller VLDL. Delayed isotopic equilibration of precursors of VLDL-TGFA, a possibility suggested with studies of total VLDL, could not alone account for the differences between the two subfractions.
Single injections. These studies resulted in specific activity-time curves that were compatible with classical precursor-product relationships between TGFA in Sf > 100 and Sf 20-100 VLDL, although the possibility could not be excluded that the TGFA in the two subfractions represented two independently metabolized pools.
In summary, the results of all experiments when considered together, are most readily compatible with the concept of a precursor-product relationship between TGFA in larger and smaller VLDL.
The possible conversion of very low density lipoproteins to lipoproteins of higher density has been strongly implied in several studies (5, (13) (14) (15) . A precursor-product relationship between the pools of TGFA transported in VLDL and low density lipoproteins has been suggested on the basis of specific activity-time curves for TGFA transported in the two lipoprotein classes after an injection of palmitic acid-1-14C (1, 16) .
In this study we have found a similar relationship between TGFA transported in larger and smaller VLDL (Fig. 5 ). All our experiments are compatible with the suggestion that a proportion of the TGFA transported in smaller VLDL had initially been secreted into the plasma in larger ones. Two possibilities exist for such a precursor-product relationship between the TGFA in larger and smaller VLDL. There could be a direct transfer of TGFA molecules from larger to smaller VLDL, or perhaps more likely on the basis of findings in vitro (15) , larger VLDL become progressively smaller as triglyceride is removed. The formation of LDL may represent the final step in this process.
While stepwise degradation of lipoproteins has been clearly shown in vitro (15) , some published in vivo studies (5, 13, 14) could also be interpreted to show that TGFA in larger lipoproteins are cleared more efficiently than smaller species. When lipoproteins of different size have been injected intravenously in humans, TGFA transported in chylomicrons have been found to have a higher (fractional) turnover rate than those in VLDL (17) (18) (19) . Furthermore, Quarfordt and Goodman (20) , who injected different species of chylomicrons into rats, reported that the rate at which chylomicron TGFA was cleared was proportional to particle size. However, it is possible that reinjected lipoproteins do not represent accurately the turnover of endogenously produced species, possibly because of partial sequestration in the liver (21) . Certainly an analysis of the specific-activity-time curves for TGFA in total VLDL (Figs. 2 and 3 ) and in subfractions of VLDL (Fig. 4) during constant infusions of radiopalmitate gave no indication of the existence of independently metabolized pools of VLDL-TGFA with differing (fractional) turnover rates. Although our results therefore do not support the concept that the rate at which TGFA is removed from plasma is a function of VLDL size, this cannot be altogether excluded since the isotope kinetics might have been dominated by the precursor-product relationship between components of VLDL-TGFA to an extent that masked all other influences.
Finally, it should be emphasized that regardless of the mechanism, the observed differences found between the VLDL subfractions clearly show that in terms of isotope kinetics the VLDL-TGFA cannot be described as a single pool.
